Abstract
Introduction

44
In January 2013, persistent haze episodes occurred in Beijing, during which the highest 45 hourly PM2.5 concentration once reached 886 μ g/m 3 , a historic high record.
necessary to quantify the relative contribution of meteorological conditions and 
Methods
156
A key step for quantifying the relative contribution of anthropogenic emissions to PM2.5
157
variations is to properly filter meteorological influences on PM2.5 concentrations, which is 158 highly challenging and rarely investigated by previous studies. Therefore, we employed both 
Kolmogorov-Zurbenko (KZ) filtering
163
Since meteorological conditions exert a strong influence on PM2. principle of the KZ filter is briefly introduced as follows.
183
The raw time-series of airborne pollutants can be decomposed as:
184
X(t)=E(t)+S(t)+W(t)
(1) 185 Next, KZ filtering was conducted on the ε(t) for its long-term component ( ). After the 220 variation of meteorological influences was filtered, the reconstructed time series of airborne 221 pollutants XLT(t) was calculated as the sum of ( ) and the average value of E(t) , ( ). we quantified the relative contribution of three major emission-reduction measures to PM2.5 291 reduction in Beijing (Table 1) . majority of meteorological influences has been considered and effectively removed.
304
As shown in Table 2 , the large value of the total variation in all stations indicated a 305 satisfactory output from the KZ filtering.
306
The relative contribution of the short-term component was much larger than that of Table 3 ).
356
Based on this, the relative contribution of emission-reduction and meteorological 357 conditions to PM2.5 reduction in Beijing from 2013 to 2017 can be quantified.
358
The original and KZ-processed time series of PM2.5 concentrations were illustrated 359 using one background station, one rural station and four urban stations (Fig 4) . As Based on WRF-CMAQ, the relative contribution of meteorological variations to the 
